Abstract-Students, which do not have enough course time to practice their hardware and programming skills in the physical class, usually cannot implement the system by using the traditional teaching method. The long-hour course, which contains not only three hours but also more practical time for students, is applied to the electronic course. To support the more exercises for the practical time in physical class, the concept of the dual learning materials, which extend the teaching materials to two different but high-related educational platforms, is provided to the long-hour course. The contributions of this study are as follows. First, the long-hour learning approach is explored to the students of University of Science and Technology. Second, the dual learning materials, including the software programming and the hardware educational platforms, the multiple-choice questions [12] and the source codes, are developed and utilized in the physical class. Third, each group should present their final results, including the finished programming codes, the slides and a video. Finally, the 16 groups, which contain 2 to 4 students, implement their projects and prepare the slides to present in the physical class.
I. INTRODUCTION
Many researches explored how to improve the learning outcome for the students. More and more studies transform the traditional method to the student-orientation teaching method to improve the learning outcomes [1] - [5] . Some researches develop the problem-based learning to enhance the skills for the students [1] - [3] . Some papers provide the flip-flop classroom teaching, which provides the learning material before physical classroom and then practices a lot of learning sheets or questions in the physical class, to improve the students' learning outcome [4] , [5] . Li explores the student-centered approach instead of the traditional teacher-centered approach to evaluate the learning outcome differences by using the pre-test and post-test [6] . Huang et al. create the meaning environment to make the students learn the materials everywhere and then improve the learning outcome for students [7] . The study explores the contest-based approach, which encourages the students to design their own wheeled robots, join the contest and keep on improving their robots' hardware circuits and the programming codes, to enhance the practical skills for the students in University of Science and Technology [8] .
McLurkin develops the multiple robots system to improve the students in engineering fields and provide the low-cost robots for the advanced teaching and a wide range of courses [9] . Huang et al, develop the programming simulator, which teaches the multi-robot operation without the issue of collision, to make students learn the concept and skills by using the low-cost simulation platform [10] . Huang et al. consider the industry demand and develop the line following maze robot to train the students the skills of the hardware circuits and the firmware programming. When the students graduate from school, these skills can be used in the future work [11] . The research describes the tips to design the teaching materials to improve the students' attentions. Different materials styles may be considered for the students with the different education background [12] . Wang et al. provide the assessment to assess the students' attitudes, creative thing abilities, and the problem-solving skills [13] . Some researches provide the assessment guidelines to evaluate the students' learning outcomes during physical class or in the end of class [14] , [15] .
However, some researches do not discuss with the impact of the long teaching time for the students. If the longer teaching time is applied to the students, the students' learning outcome may be better. For the courses in electronic engineering and computer science, the skills of the programming and the integrated system should be practiced with the long time. Bloom presents the mastery learning to improve the students' outcome [16] . Dewey provides the concept of learning-by-doing for the students to do and learn the experience [17] . The research [18] discusses many approaches, which enlarge the teaching time and adjust the corresponding teaching activities, to improve the students' outcome. We observe that students cannot learn one project topic more detail because they usually do not have much time to practice the exercises. Moreover, the students often cannot ask for the teachers' help when they have the problems of the exercises, including the hardware and the programming.
The contributions of this paper are as follows. First, the course is planned to extend the longer physical time than the traditional approaches, which the teaching hour is usually three hours for each course. Second, two kinds of the teaching materials with high relationships are provided in the physical course to improve the students' outcome. For each topic, not only the programming simulation, but also the integrated system is provided to make students learn these topics deeply. Third, each group, which two, three or four students randomly determine by themselves [1] , are encouraged to discuss the project topic, implement the functions of the project and prepare the slides to present. The outline of the paper is as follows. Section II discusses the teaching concept and teaching educational theory to improve the students' outcome. Section III illustrates the teaching method, including the course properties, the long-hour learning, the dual learning materials and the procedure of the physical class. Sections IV and V describe the results and discussion, and conclusions, respectively.
II. TEACHING CONCEPT AND TEACHING EDUCATIONAL THEORY
In this section, the teaching concept of the long-hour course and the educational theory are discussed.
A. Teaching Concept
There is a little challenge in the current high education for the students in University of Science and Technology. Some students are not interested in the theory courses. Some students are interested in the implementation of hardware circuits instead of the software or programming, and vice versa. How to arrange the course contents, including the educational platform, teaching and learning materials and course activities for group or students in physical class, is a very important issue. Fig. 1(a) shows that the traditional approach, which there are many theory materials and little practical activities. However, the students may have the problems when they practice the exercises after the physical class. These difficult problems cannot be solved without the help of the teacher. Fig. 1(b) shows that the proposed approach, which is adjusted to keep the necessary materials and increases the practical activities, to improve the implementation skills of programming and hardware circuits. To deserve to be mentioned is that the problems, which the students meet in the class, can be fixed because the teacher is in the physical class. Hence, the advantages of the proposed approach are very suit for the students in University of Science and Technology and Science. And they can practice the practical skills with the supporting of the teacher.
B. Teaching Educational Theory
John Dewey [17] proposed the learning-by-doing approach to improve the students' learning outcome. For the technology-orientation students in University of Science and Technology, the students usually need a little time to practice their skills of the programming and hardware circuits. However, students in most courses do not have enough time to practice the related skills of the software and hardware and they usually have the problems to ask help for help after the physical class.
In this paper, the teaching educational theory, which focuses on the skill improvement for the students of the electronic engineering in University of Science and Technology, is named as "more-do-more-learn". Fig. 2 shows the teaching activities and the teaching theory. The students are divided into n groups. The teaching flow contains the steps of 1) illustrating the knowledge-based materials, 2) practicing the skill-based materials for one environment (i.e. computer-based programming), 3) practicing the skill-based materials for the other extended environment (i.e. integrated system), 4) discussing the experimental content with the teacher, and 5) presenting a final project after several steps of (1)- (4). The course objectives are to improve the skills of the students, which are attended this course. The series topics are designed according to the course objectives. For each topic, the dual learning materials are also performed to the students to enhance the skills of programming for the two educational platforms, including the computer-based programming and the integrated systems. Finally, each group finishes the final project and prepares the presentation materials.
III. METHOD
In this section, the course description, the novel long-hour learning, the dual learning materials and the procedure used in the physical class are discussed.
A. Course Description
The course objectives are toward the directions of 1) Develop the software programming skills; 2) Teach the system integration of hardware circuit and firmware programming. 3) Learn the teamwork spirit to modify the project according to the teaching materials [19] .
There are two educational platforms, such as the programming simulations and system integration. The programming simulation is only shown on PC screen by using the Dev C++ compiler [20]- [22] . Hence, the cost of this platform is very low. The system integration, which contains the microcontroller, the input modules, output modules, and the wires, is used to train the firmware programming skills for the main educational platform. Because the long-hour course contains six hours a week, there is very much time to plan the practical activities, such as the programming simulation and the integrated system. To perform the lecture and writing exercise takes two hours. To learn programming simulation, integrated system and experimental discussion between the teacher and group members takes four hours.
For each group, a final project, which is modified from the teaching materials or a new topic, is implemented and present in physical class. To explore the students' learning outcome, the successful percentage is used to see the impact of the long-hour course and the dual teaching materials. In this study, the successful rate (r for short) is defined as:
where s and n are denoted the successful number of groups, which successfully prepare the project and present the slides and video, and total number of groups, which the notation n is discussed in Fig. 2 and the last paragraph of Section II, respectively. The following is the long-hour learning.
B. A Novel Long-Hour Learning
In traditional method, the course planning may explain the course concept and content, and support the exercises for the students. For the students with the well educational degree and high motivated behavior, the traditional approach can teach them the basic knowledge and the students can extend to other applications. However, there are some problems for the students with low educational degree and motivated behavior. To extend the learning hours in physical class, provide the students the more learning materials and plan more time to practice these exercises may improve the students' outcomes. Fig. 3 shows that the possible course planning to adjust the course topic to improve the students' learning outcomes. Compare with the traditional approach in left part, block 1) can extend to be considered how to illustrate the key point of the experiment for one week. Blocks 2) and 3) can be considered to how to extend the teaching materials to make students learn more exercises. For each topic, if we just put the teaching materials without high relationship, it cannot improve the students' learning outcomes. How to develop the proper extension teaching materials, which is high relationship with the teaching materials for these topics, is important to explore.
Long-hour learning may be one method to improve the students' outcome. Fig. 3 shows the possible course planning. For each topic, two different and high-relationship learning materials are developed. Generally speaking, the teacher may provide one source code for the platforms of the programming in personal-computer or for the hardware integrated system. To deserve to be mentioned is that the two teaching materials, which work in personal computer and the hardware integrated system, are similar but different. Hence, the two teaching materials are named "Dual teaching materials" in this paper. The students can have the learning experiences of developing the source codes in the difference educational platform. Fig. 4 shows the traditional approach for one educational platform in the left part. The right part shows the materials for knowledge [12] , the materials for skill (i.e. two source codes for the programming simulation on personal computer and the hardware-software system integration) and short answer questions [12] . Because both of the source codes are designed for the similar functions, students can learn more practical skills after implementing the source codes.
In the long-hour course, there is more time for students' practical exercise. The adjustment is for not only the teaching materials but also the corresponding activities of the physical classroom. Fig. 5 shows the difference between the traditional approach and the proposed approach in the paper. The left part is the traditional approach to teach the students with three hours a week. The right part is the extension for the practical activities to dual teaching materials. We know that the extension exercises for the programming simulation and the hardware integrated system makes students learn deeply.
Summary, the long-hour course contains the extensions in teaching materials and the exercise activities in physical classroom. Teaching materials are extended to dual teaching materials. To compare with the possible course planning for the traditional method, students can have more practical exercises and more time to master the skills of programming and the hardware circuits. The following is the description for the dual learning materials used in the long-hour course. 
C. Dual Learning Materials
To extend the teaching materials, two different learning materials, including one programming simulation and the other system integration of the hardware circuit and the firmware programming, are developed. For a project topic, two dual learning materials are illustrated one by one. First, the programming simulation is first taught to the students. The students are asked to implement the exercises by group cooperative [1] . Second, the hardware-firmware system integration is shown to the students, too. The system integration will have the functions according to the firmware source codes. The dual learning materials are similar and the students can compare the difference between the programming simulation and the real system. Therefore, the students, whose educational background is different, still can study the project topics easily. Fig. 6 shows the advantages of applying dual learning materials for the students with the different learning background. Fig. 6(a) and (b) show the traditional approach, which usually applies the materials for just one kind of the educational platform. Fig. 6(c) shows that the dual learning materials can help the students with a wide range of the educational background. For a weekly topic, the functions and concepts of the exercises in programming simulations are the similar to ones in system integrations. Therefore, the student whose major is system integrations can learn the materials in not only the integrated systems but also the programming simulations. The following is the procedure of the physical course, which integrates the descriptions and concept of the subsections II.A, II.B and II.C.
D. Procedure of the Physical Course
To help the students to have the overall learning experience for implementing the final project, the course activity arrangement is roughly described as follows. 1) Illustrate the course content to the students by using the videos or others useful materials, which show the functions of the programming simulations and the hardware-software integration system. See the step (1) in Fig. 3 . 2) Discuss the knowledge-based materials, such as multiple-choice questions and record the words for each line of the source codes [12] , which are used in the later practical activities. See the steps from (2.1) to (2.4) in Fig.  4 . 3) Guide the students to implement the programming simulations and they can easily know the skills of this exercise. See the step 3.1 in Fig 5 for reference. 4) Guide the students to further rewire the source codes of the programming simulations and modify the codes to run in the microcontroller-based system. In this stage, they can know the differences between the simulations in personal computer and the hardware-software integrated system and learn the practical coding skills for two different educational environments. See the step 3.2 in Fig 5 for reference. 5) After performing several exercises containing programming simulations and hardware-software integrated system, the group members are encouraged to determine the project topics, which they will finish in the following next weeks. See the step (5) in Fig. 2 . 6) According to the project topic, the physical class is arranged to the implementation time for the group members. If they have implementation problems, the teaching will try to solve these bugs. This is very effectively to help the students to finish their project. In traditional teaching model, the students cannot easily look for the help. In this new long-hour teaching method, the teacher is in the physical class and students can ask for the teacher' help. See step (6) in Fig. 2 for the details. The templates for presentation are provided by the teacher. In subsection C in VI, some discussion is described. 7) Finally, the group members can present their project. Hence, they have the learning experience of overall project. 
IV. RESULTS AND DISCUSSIONS
In this section, the final project, the two tasks for the most weekly topics, templates for the final presentations, and kinds of the final project are discussed.
A. Group-Based Final Project with High Successful Rate
The students are divided into 16 groups. All of 16 groups are finished their projects according to the discussions between the teacher and the students. The results are shown in Table I . According to the formula (1), the successful rate (r) is 100% (= 16 / 16). It means that the successful rate of the final project is quite good. The long-hour course, the dual teaching materials and the supporting of the teacher play the important role to help the students with the different learning backgrounds. To deserve to be mentioned, the teacher can help to solve the hardware or software bugs when the students have the problems of the final project.
After evaluating the qualities of their final implementations, the project results are that some of the implementations are very creative and well-done and some of them are just the same as the implementations, which the teacher demonstrates in the physical class. It means that some students' learning outcomes are quite good because some of the students can have the good skills to implement the project by their own designs. However, some students, which their learning outcomes are not good enough to finish a new project in the limited physical time, also have the learning experience to implement a project and prepare the presentation materials. Therefore, for the students with the different learning background and the motivation, the dual learning materials may help more students to learn the skills of implementation for the project than the traditional materials with only one kind of learning topics, i.e. only one kind of the programming simulation or the integrated system. 
B. Two Tasks for Most Weekly Topics
There are two kinds of tasks for most weekly topics. One is the discussions between the students and the teacher when the group containing several students finishes the implementation of a week. The other is the video of the implementation.
For the first kind, the teacher guides this discussion and gives the hints of asking the questions. The students can be asked one-by-one. For a group containing students A, B and C, the ordering is that student A can ask student B, student B can ask student C, and student C can ask student A. Hence, students can enhance the memories of this weekly implementation. For the second kind, after the week implementation, the leader of each group will send the video, which demonstrates the function of this group. The video can show that what the students have finished in this week. Fig. 7 . Discussion between the teacher and the students after finishing the implementation in a week. Fig. 7 shows the activities flow for each topic in a week. When the tasks in the physical class are finished by each group, they are asked to take a video about 10 seconds by using their cell phones. The teacher can check whether the group members finish their tasks or not. Fig. 7(a) show the student A demonstrate the video to show what they finish exercises in this week. Fig. 7(b) describes the order of asking questions for each group. Fig. 7(c) shows that if some students cannot ask the questions about the experiment clearly, the teacher gives the hits, which lists some questions about the experiment this week on the computer. Fig. 7(d) is the discussion between the teacher and the students that have finished the exercises in the physical class.
C. Templates for Presentations
The teacher provides the complete templates, which guides the students to think and fill the empty, to finish the project slides easily. Most of the presentation materials, such as the implementation programming or integrated system, the slides and the demonstrated video, are finished in the physical class. The teacher does not want to increase their learning loading because most of them have to finish their special topics at the third grade in University of Science and Technology. Moreover, most of them do not have the experience to prepare the presentation materials, so the teacher provides the templates to help them. If the students in class have the related experiences, the teacher may give them an incomplete template, which reduces the most materials and guidelines of the complete templates. Of course, the students must have the much experience and spend much time to prepare the presentations materials. The teacher should make the decision to the complete or incomplete templates for the students by consideration of the loading, the motivation, the learning experience and the prepared time. In the future, the teacher can determine which the complete or incomplete templates are suitable to the students in class?
D. Kinds of Final Project
Some groups implement the kind of the programming simulation and some groups finish the integrated system. If the teacher wants to improve the students' learning outcomes for the students in physical class, the wide range of the implementation projects may be a considerable decision. In the final project presentations, six and ten groups are selected the hardware (integrated system) and software programming as their final topics, respectively (Fig. 8 for reference) . It means that 37.5% groups seem to be more interested in hardware integrated system. About 62.5% groups take the topics of software programming as their final presentations.
It shows that the teacher should be planned the dual learning materials because the students may have the different learning background. The dual learning materials contain many exercises to make the students do more activities and learn more compared to the traditional approach, which usually contain the materials for one kind of the educational platform.
To improve the implementation skills of the programming and the integrated system, the long-hour learning is an effective method for the electronic course. The long-hour course can not only allocate much practical time in physical class but also provide the dual learning materials for the wide range of the students. 
V. CONCLUSION
In this paper, the effective method is provided and evaluated by using the successful rate after performing the course. First, the long-hour course is planned and performed to improve the hardware and software integration skills for the students of University of Science and Technology. Second, the dual teaching materials, including the programming simulations and the hardware-software system integration, are provided the long-hour course. We observe that the long-hour course effectively makes the students learn the experiences of the practical skills to present their project after modifying the teaching examples, which they have learned in the electronic course. The study observes the good successful rate after performing the long-hour learning. There are 16 groups achieve the course goal of discussing to find the topics, finishing their implementation, and presenting their slides.
